Fluctuation phenomena occurring in a system of 216 water molecules, studied by molecular dynamics at 1 g cm and 10 C, indicate that (i) 
I. INTRODUCTION
In recent years we have reported the results of molecular-dynamics (MD) studies of the structure of water and of the motions of molecules in that liquid. An initial study' showed that it was feasible and fruitful to undertake such calculations on the basis of an "effective" noncentral pair interaction that produces a computer liquid with properties similar to those real water is known to possess.
However, the discrepancy between the calculated and the observed structure of the liquid was such as to motivate an improved simulation with appropriate modifications in the potential. The results of this improved simulation were indeed very encouraging" as far as the structure was concerned, and hence we have undertaken a detailed analysis of the dynamical properties of the computer liquid. One Cii(~, t) =&Jii(Tc, s)Jii*(K, s+t)); C, (~, t) =&J,(T(, s)J, *(T&, 8+t)) .
(6)
In Eq. (6) J() stands for z '(2 J) and in Eq. ('7) J~is written for a component of J normal to Tc.
Analogous to Eq. (4), the spectra of C~, and C are denoted by C H (~,~) and C, (z, ur) , respectively. We shall write the Taylor-series expansion of F(v, t) as
Similarly, we write C, (», t)=k, T/M(I -~', t'/2! +. . .) . It is shown in Fig. 3 for three small values of and in Fig. 4 for one large value. From Fig.  3 it is obvious that we have propagating shear waves with a very well-defined velocity of propagation and a not so ill-defined lifetime. On the other hand, in Fig. 4 Fig. 4 can be seen to be present but with very low intensity even for the values of K shown in Fig. 3; for v = 0.5843 A ', e.g. , there is a clear long tail iri the spectrum on the high-frequency side.
In Fig. 5 we have drawn co, the frequency of maximum response, as a function of a. The spectral function shown above is essentially the same as the spectrum of the center-of-mass velocity autocorrelation function (see Fig. 13 Thus the ratio of the mean-square acceleration (a') of a particle to its mean-square velocity
We note in passing that the data published earlier' on the velocity autocorrelation of the center of mass of the molecules lead to a value (a')/(v') =1.13&&10"sec '.
For comparison, we note that liquid argon near the triple point and also liquid rubidium at 300 'K have (a') = 10"cm' sec ', a value two orders of magnitude lower. The reason must be that our water model incorporates a stiff hydrogen-bond network that produces large fluctuations in the forces as the network is slowly modified with the passage of time.
The experimental technique to determine (a') for structureless molecules makes use of isotopic fractionation for a liquid in equilibrium with its vapor. For monatomic liquids this poses no grave problem. In the case of polyatomic liquids the circumstances are n.uch more involved, owing to the presence of internal degrees of freedom. Moreover, the mean-square torque will also enter into the picture. A As seen in Fig. 2 Fig. 2 shows that a numerical transform of C "(K,f) is a more feasible procedure to get 8(K, &o) through C" (», a&) [Eq. (9)]. However, for the three small values of K among the five shown in Fig. 2 , C~~(», t) is an oscillatory function and one knows that a numerical transform of a truncated oscillatory function leads to spurious oscillations in the spectrum. Hence it is necessary to use an extrapolation procedure even for C~~(K, t). For this purpose we will adopt the formalism of the memory-function approach due to Zwanzig" (see Ref. 5 
for details).
We llltl'oduce a 11ew function M(K, f) wllicll satlsfies When the memory-function approach to fluctuation phenomena is itself the main theme of investigation, one is required to build the memory function on the basis of physical insight and to consider the reasons why the memory function has a certain structure. In this paper, however, we propose to use M(K, t) only as a computational fitting device.
At~=0.3374 A ', for example, the data on C1(K, t) shown in Fig. 2 consist of 200 equally spaced points at ht =v/200 (T defined in Sec. III). The first 150 of these are used with a seven-parameter (o. o, C"n"C~, n"C"o. ,) function M(K, t) for a least-squares fit. The resulting 8(K, ru) is shown in Fig. 6(a) . Note that S(K, ru) has its main intensity around v = 0; this is as expected from Fig. 2 , where the area under F(K, t) is obviously seen to be very large. However, the modulation of the slowly decaying E(K, f) is such as to produce an unmistakable "sound" peak at =12.6v ', leading to a velocity of propagation c = &u/» = 1.8X 10' cm sec '. The width of the peak, however, is so large, and the intensity relative to the central region (&o = 0) so low, that the fluctuation can hardly be characterized as a freely propagating wave. 24.9 3 g 0.05-
Putting e =i&a and collecting the real part [which will contain the sine and cosine transforms of M(», t)], we get wC1(K, &u), the required function; Eq. (9) then gives S(K, &u).
The merit of Eq. (20) is that it explicitly incorporates the short-time information about I' (x, t) to order t' [Eq. (14) ] as input-namely, the values of C~~(K, I = 0), &o"and v', -and compacts the rest of the information about F (», t) into the new function M(K, t), the so-called memory function.
We have used the memory function as a device for extrapolating C1(», f) to large times by writing with C, = 1. The parameters n"C"n"... In Fig. 6 (a) we see that S(e, &u) shows noticeable structure again at the larger frequency~= 25m '.
This high-frequency structure in S(z, u&) becomes quite clear in C~~(z, &u) , shown in Fig. 6(b) Thus in this special case co', and~'" in the limit -0, determine G"and E".
In Fig. 9 we have shown~, as a function of x; it is seen that in the mater model we have C3 22 09 x 10' cm'sec '.
In the absence of a rigorous relation between C, ' and the tmo modu1. i, me shall, tentatively, express C, ' in the form given above (which is correct for central forces} to derive "A""= 9.57x 10" gcm 'sec '. The lattice dynamics of ice has been considered by Forslind"; he used a dynamical matrix constructed on the basis of the motion of the oxygens alone which interact only with their first neighbors; the elastic-moduli data were then used to determine the force constants and the dynamical matrix solved for the normal modes and their frequencies. The dispersion curves were determined only for vectors 7& in and normal to the hexagonal plane.
